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(57) Abstract: A turbo-encoder (1) which apply 
turbo-encoding to 2 bits in lower positions of transmission 
data to output 2-bit information bits and 2-bit redundant 
bits, a conversion (2) ^ich uses the outputs to perform an 
operation for making unifonn error correction capabilities 
for the respective information bits and outputs the operation 
results and the other bits in the transmission data as encoding 
results, decoders (II - 18) which subject 2 bits in lower 
positions of the reception signals, having possibility of 
deterioration of characteristics, to soft judgement to thereby 
estimate original transmission data, and a 2nd judgement 
device (19) which subjects the other bits of the reception 
signals to hard judgement to thereby estimate original 
transmission data are provided. 
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DMT (Discrete Multi Tone) ^^Si^S:-^0 F DM 
(Orthogonal Frequency Division Multiplex) ^^m:^^^i^X 9 . ^#<^iift 
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15 W^fi^^ 
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:^^Sr.ffiV''/cJ[^:^^C DMA (W— CDMA : Code Division Multiple Access) 
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Pr(xik'=-1|{Y}) 



(1 ) 



Pr(Xik'=0|{Yj) 



- ne*5, Le (U,) ti^U^m^mi.. La (UJ 1 

^^^^^^^L. P/(x,, ' = 1 1 {Y} ) {i, gftft-^O^^JiJ {Y} ^Slt 

'=0 I {Y} ) It. iY) ^S»t^o>c4^^X'it^$ixS*t3t<t^lf y 

h : x,k'dS0-t?$)55t^^^-r. -tttiyib. (1) ^"eH. JiSit^lTy h : 
Xn 'iS0-C*)5fi|^{C^-r5Jt^tf#fc'5/ h :. x,k 'ii 1 T*fc-5m^^^«)-5 r 
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2com■^^•7^5/7'^;IJ;5^49J^al;^{:::S<3^^-c, ^bir t^W^t'^y K^m^ti-sm 
1 <^i|9j^>^-7^ iyZftMU'^mm^\^:isVf^m<r> \f y h SrfiS^I^J^i-S ^t\Z.X^^ 
15 tolff^t-^y h^*i^i-S||2(^2HiJ^x^7"s^7'<i:. ^^t^:Lt^W^t-t^o 

m^'^ 07"^ l^-? ]} -':fWitm:^'r ly':^:^^?^^ HtrlS^lfSf y h i: tGIS^TL:^ if 

25 msc^j^^T&m^g 
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— (a) <^«-^f5{Ci5V^T, l l fi^ftft-^ : Ley (=^xg0^ft 

5 m-^: vo, v„ Wo, wjictB^) ^^ibnw^:tmtt^wtii-r^mi(Dm-^mx^^^ . 
Ley mm(D^mm^: Vo, v„ Wo, w.dif^) 

2 i^m-i-^-Cfe 0,17 itr'-f ^^5^ y — ^^Tfo 0,18 l^m 2 (Dm 

mm(Dm:^Wii^^mmi^m-i\^^xmm\^^mi-^o titK.\-£. dm t (Discrete 
MultiTone) ^mm:^^^m\^^x . f^-^mm^no^mh^f^i^'^^^mm:^^ 
15 t uxfi. ^m.<Dn.mwiWi^^m\^xi^yf- ij}^' h/^(Dm^M7'-^^^^j^mm^ 

tfpADSL (Asymmetric Digital Subscriber Line) ai'f5:^r5!C, *3j;t5HDS 
L (high-bit-rate Digital Subscriber Line) aiM:^^^<^x DS Lilfs:^^!:*^ 
^£^;^^fi, ANS lOTl. 4 1 3 ^{CjoVNT^m-fb ^ ixTV^So 

MUX/SYNC CONTROL tClS^) 4 llCT#fi{kL, ^Mit^tlfcmmT'-^ iZM 
UT1^-< tJ' y y :/>'^^>'t^-f^3i rx^ (CRC : Cyclic redundancy check Id 
25 ffi^) 4 2, 4 3{::"C^0^ill^ = - K^ft;!iOL, h':i^7'-=' 
U^'>3V (SCRAM&FEC {d^fa^) 4 4, 4 5 t^T F E = - K<^5^t;(jni5it^;^ 
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4 9{C^5^T-t^«2o(^M^d5fct5, —of^^r^iJ'y— ^ (INTERLEAVE) 4 6 
iS-^^ixS-f ^t^' y — ^ 7t (Interleaved Data Buff er) S^T'fc 

5 0. t, 5— y — 6 Sr'^^/iV>>'7'— ^ Ht'— (Fast 
Data Buffer) MKT'S) 9 . ^: ;t»^, y — y*Q;SS:tT 5 -OtS' y K 

^(D^^ miBv'—'f'i-i. h = >'y^— ^ (RATE-CONVERTOR IC4S^) 4 7. 4 

8 {wTU'— h zi^'y^— h^aS^tf V>, h — >'^'-yV >if (TONE ORDERRING tCl*g 
10 ^) 4 9l;i-C h — iJ^y ^-r/ftli^S^^TPo ^UT, h — tJ^y ^^^^QiS 

if (CONSTELLATION AND GAIN SCALLNG \Z.^%) 5 0 {wT =i ^ u— -> 3 >"7^— 
^ Srf^^L^ iS^iff y (IFFT : Inverse Fast Fourier transform \Z. 

*g^) 5 1 iwT3jfrii;5i7— y 3I^^feS:^Tp. 

15 . >- ^ 2/ h ^ 1/ /l^ / -> y T ^< 7 r ( INPUT PARALLEL/SERIAL 

BUFFER Iwti^) 5 2{CX7— y WUt'— tri^ y T/l^T^— t?' [Cl^ 

T-^n ^rT-nir y v-^^/t^W >'^>'l'-T:?-n = (ANALOG 
PRXESSING AND DAC IdtS^) 5 3 iCTT^-f i^^/l^i^3^^T-^n irm^VL^^\^. 

v'^^-yif /T±xi {f—'fA (HI^O? ANALOG PROCESSING AND ADC 

25 iS^fb^aS^r^ff p o 
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WU^<y 7t (INPUT SERIAL / PARALLEL BUFFER l^lffi^) 1 4 3 (ClT->y 
— V =^^^U (FFT : Fast Fourier transform (C^g^) 14 4 iZXmjM:^—}) =c 

^(D^. Jii^^Kp'-r>-r = ^'i'-r (feq iz^m i4 5\zxmk 

I l^f-^ — ^/^^C^T.^—^) -^{f (CONSTELLATION DECODER AND GAIN 

SCALLNG d^S^) 146i5j;L>?h-:/xf-;5^y>^ (TONE ORDERRING iw^i ^ ) l 

4 7 tcx=fTi:5ix5lg'g>«i3il (^^IS-a-fe) *5J;t;? h — ^^;*->-^y :x:r*n.S(c J: ^ \ 
10 T/l^-r— iJ'iC^^^ttSo -tO^. h=i>'x-^— (RATE-CONVERTOR {d^S 

^) 148, 149fCj;5l^— h = h*Q.3g, y —7' (DEINTERLEAVE 

1 5 0 J; ^7='-f >'i? y — r^MM, :7 ;i- !7— K^^ — = U-^ v-a >' 
(DESCRAM&FEC tC^SS) 15 1. 15 Z\Zii^V 'EO^mi^iiXy^'T y^-^ 'p l^zf 
AQiH. *5 J;l51^-r y y ^ y ^^-^I^i-^ iJ^ (cyclic redundancy check 

15 lc*B^) 1 5 3, 1 5 4{c:J;Si^K!HI7CS^S^t^*!3^S^s^Ti5tL, 

;:f\^V'^:^/'^l^P^:y h a ~/KMUX/SYNC CONTROL {d^^) 1 5 S/i^^SftT^— 

5 0{::'|2:ilfttte>tL. mi^ (b) \z.7^ir'^^^t^ . Jii5^ft^{dibNtS = >;:^ 
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5 SSMifi^p (QAM : Quadrature Amplitude Modulation) UT. 1 
WtCVNpi:, ^511 (a) 2)S4*gPSK (Phase. Shift Keying) :^^<DiW^-^Si 

fix-feo. (b) dsi 6QAM:^3:<7>fi-^,*;iHS-efe«9. (c) 4 qam;;^ 

15 ^<om-^.^Mm.X'h^o 

ith<D^Wx$^^m-^. ii^. ^ftiil-Cfi. ife49J^(^J; ?)1t^t*2/ h^^ij (i§fi 

20 fct;t{i. m511Srffiv^T§:^t^i•§-.^.ai3J:tJ^b^c«@i-5,^. VN-ftL 

CO^-g- (mSia (a) (b) (c) \znm i;i*5VNT'b> 

4A<DT^2\l^y ht>-. (0, 0) (0. 1) (1, 0) (1, DX^k^Zt 
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^^J^^^T5«^i: b/t. titci.. I^^t'i/ hm^iJuj. U4. Us, u6^;lo^^-c{i. 
■iErtb-eixvj, V3, wj, W3 (z:>y-;£:i-5. 

<Dwm^mm^iL^n^itmxi> •? . 2 2 j;t5 2 3 -c^^v . 

ofjc, i5'-/i<^?-^f|l;6-b2 t'-> ht^i|^m7^-:5' : u„ t2h'y h(DK 
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v,= u,+ u, (3) 

Vo=Uj (4) 

w,= u2+u,+ u,+ Ub (5) 

Wo=U2+u, (6) 



^tLT. 1 6QAM:^^^-Mti.xm.m^n'ot:iAK :LtnzmhT. ^<oi^ 

(Omm:^^ (2 5 6QAM^) ^fflV^fcm-a•^CioV^Tt>. 

one, mim (b) t'^i-m^^c^iijf^tzov^Tiftsg-rso ^^^j. :*:^jfe<?5 
mmxi-i. ^m.m^mm^m (q am) tux, fct^«, i sqam^^scstS^ 
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J:D. 5c(^iilft7=^-i5'5rm^i-5o /c:t*L. Sftm#L c y : V„ V„ V^. V3. 
5 Wo, W„ Wj. Wati. ^tL^tLgj|Bil|{Sil!l<??m;^ : Vo. v„ v,. v,, Wo, w„ 

^-r. ^ftm-i-Lc y : Vo. V,. Wo, W, ^^^ItSlofc^ -TK^-^^T'ti, :i 

Ik', ujk't^^ii&^irjt : L (un') , L (ujk') sr^ai-rs (kn^M^m 

(MA PT/U=/ y : Maximum A-Posteriori) jJ^^V^ :i i: 

dS#v>2J5. fci:;t{^, ^^Ot'^5' t:'m•^§&S^^V^5c:t t b-Ct>J:V\ 

t^x^^„ 



Muik')=Lj,y+La(Uik)+Le{Uik) 
. Pr(u^k'=1|[Lcy|) 



(7) 



Pr(uik-=0|iLcy}) 
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Mu2k')=Lcy+La(u2k)+Le(U2k) 
. Pr(u2k'=1|{l^cy}) 
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Pr(U2k'=0|{Lcy}) 



wo 01/33719 



PCT/JPOO/07312 



17 

:^mm(OBm\C:tS^-^X . Le (u,J , Le (u^) n^Um^^mL. 
La (u,k) . La (u^^) itl-DWKO^UmmX'h^^Wimm^^L.. Pr (u,k 
' = 1 I {Ley} ) Sft{t-i-0^^3?U : {Ley} ^Sitt^o fdH^l^r-Ji 
^$tLSm^it#f5/ h : u„ '255 1 T'fc5*m5i^§r^L, p^(u„' = 0 | {L 
5 c y} ) liu„':i5 0T-foS^m5fe^Sr«L. P, (ua.' = l I { L c y } ) (1. 
S:ftm-^<^^^5Fij : {Ley} ?rSJt^oyb4^^-et6^$tL5ti^if ^tfy h : 
Ujk'iSlT-fcS^^mm^Sr^L. P, (ua.' = 0 I. {Ley} ) tiu^^'dJOT- 
feSV^St^^^-To -f-J^jri^t^, (7) (8) ^T-li. u^c ' 0 T-feSSt^fc 

10 5:^*5 ri: t^tc So 

1 5{:iSt-r6^^1f^$r#ait-5c ^Umn-. Le (uj . Le (u^,) li. Jb 
12 (7) (8) ^{CS-C5V>T. iJJLT<^J: pld^-rr iA5-etS„ 

Le (uj =L (u,k') -Ley — La (u J - (9) 

15 Le (ujk) =L (ujk') -Ley -La (u^) ••• (10) 

fctiV. 1 [H]g(^^■i-{c:te^^T^±. »B^Hf^:65^^^)p3i^-Cv^/£^^fc4e). La (u 
,k) =0, La (ua) =0X-fc5o 

-rViS' y-/^l 3*5j;t/l ^ftd-^L c y ir^fUff^ : L e 

(u,k) , Le (ua,) (::^LTft-§-(^M'<#^Srtf Po -?rLT. .^2<7?«-i-Sll 
20 5T-«. Hi 1 Smit-^Lcy. *5 iU^^feJC^tii LT*5V^ 

)t»Bu{ff^: La (u,,) . La (uj^) ^c:S-^^/^-C. M^:tmit : L (u,,') . 
L (ua') ^^ffl-rs, ^E:©m. ADa^M 1 iD^^l 2 (9)- 

(10) 5^:^^V^T. i^^^^:Le iu,,) , Le (uj Sr^ffi-rSo ^K^i: 

x-r>'^y-yi 7^cl:M-^#;tbi^fc^^^f^fl. *stiif^: La (uj , 

25 La (uj <t LT. HulSHl o^-i-§il 1 {c::7-f- hv^y^ $ix5o 
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m-t^c ^ t . tzt:tit. M^±mtti>^ "L (u,,') >0" T'foix 

5 mmc. M^^&itt^ "L. (uj, ') >0" -CfctLf^. Ua.'^l i^l^iJ^L. "L 
-^Lc y : Vj, Vj. W^. W,{c:oV^T{i. ^2«^^J^#il 9 ^ffiVN-C@!4^J^$tL 

-So 
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£^_hOJ:5fc:, ^^mi^7b^i>^^mmmm-i. DMT (Discrete Multi Tone) ^ 
SP:^S:-^OFDM (Orthogonal Frequency Division Multiplex) 

5 DS Laim;&'SC;{c:3gUTVN:5o 
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5 9 . mt&m^m^jt^ ctzmn ht. mtt^^mx-^T^^^n-B-it $ titim i is 
^iztsn^t<Dm(D\f^y ht^ =tn■^it^^^tLxtiitl•r^mn^^t. 

15 (ow:n^iiit)t\^xmtd,mi(Dm-^^mizm^-r^f^2(Dm'B-^mt. 
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25 % 2 (0-K-S:\l' y h t . (D^M^^t>-^Xiiiti-r^:Lt^i^Wit^^%%-^<Dmmf^ 
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6. v-h-yti^-^i^if^t^-^^n-^t^mm-t^^tt}^. y-Kya^^^^sF 



20 mmUc 

25 Wiu^mm^izisn^m^^(DT&:\^'y h;6-t>. -tf^t'^/ hi. ^T^^n-^-it 
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